In this talk we review results from studies with unconventional many hadron systems containing mesons: systems with two mesons and one baryon, three mesons, some novel systems with two baryons and one meson, and finally systems with many vector mesons, up to six, with their spins aligned forming states of increasing spin. We show that in many cases one has experimental counterparts for the states found, while in some other cases they remain as predictions, which we suggest to be searched in BESIII, Belle, LHCb, FAIR and other facilities.
I. INTRODUCTION
In this talk we review unconventional systems made by many hadrons, mostly mesons, or systems with some baryons and mesons, other than the also conventional mesonic atoms. The advent of the chiral unitary approach for meson meson interaction [1] [2] [3] [4] [5] implementing unitarity in coupled channels from the basic interaction contained in the chiral Lagrangians [6] has given rise to many states, found in poles of the scattering matrix. These states are known as dynamically generates states, kind of molecular states that arise from the interaction of the mesons and do not qualify as ordinarymesons, but are "extraordinary states" in the nomenclature used by Jaffe in the last Hadron Conference [7] . Similarly, the meson baryon interaction constructed implementing unitarity in coupled channels from the meson baryon chiral Lagrangians [8, 9] has given rise to many states that also qualify as dynamically generated states [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . An early review on these issues can be seen in [22] . The generalization of the chiral Lagrangians to incorporate the interaction of vector mesons was also done in [23] [24] [25] . The unitarization of the vector-vector interaction in coupled channels using the information of [23] [24] [25] was also done in [26] , with the surprise that some states emerged from the ρρ interaction which could be associated to the f 0 (1370) and f 2 (1270). The generalization to SU(3) was done in [27] and 11 states were generated, which could be associated to known mesonic states. It was found there that the interaction in the spin J = 2 channel was very strong, to the point that the f 2 (1270) could be understood as a ρρ molecular state.
The interaction for ρρ in J = 2 is so strong that one was lead to think that it would be possible to have states with many ρ mesons with their spins aligned, such that all pairs would have J = 2. With each of the pairs having J = 2 in this case, the binding of the system was guaranteed. The question is then: how stable are these states? Unlike baryon many body systems where the conservation of baryonic number is responsible for the stability, for systems of many mesons one does not have meson number conservation and the multimeson states can decay into systems with fewer mesons. One might anticipate that these states would be highly unstable and the beautiful idea of the many meson systems would then be as short as the lifetime of these systems. However, it was found that this was not the case and in [28] states up to six ρ mesons were found with a width that made them observable. More surprising was the fact that the states found could be associated with known mesonic states. The exercise was repeated by studying meson systems with one K * and several ρ mesons, and again relatively stable systems were found and associated to known K * states in [29] . By analogy, states with a D * and many ρ mesons should also exist and predictions were done in [30] , but these states have not yet been experimentally investigated.
Apart from these states many other unconventional systems with three hadrons have been investigated and we shall report upon them in this review.
II. MULTIRHO STATES
The standard tool to study three body systems are the Faddeev equations [31] , that, in spite of their formal simplicity, are rather involved technically and one sort or another of approximations is usually done to solve them numerically [32, 33] . A different method, suited to the use of input from amplitudes obtained in the chiral unitary approach was done in [34] [35] [36] [37] . Variational methods are also often used to study such systems [38, 39] .
One of the approximations, which is often used is the Fixed Center Approximation (FCA) [40] [41] [42] [43] [44] . The method takes a cluster of two particles, which are bound and are supposed not to be much altered by the interaction with the third particle. Then, this third particle is allowed to interact multiply with the elements of the cluster. The amplitude for this multiple scattering is evaluated and then, eventually, bound states, or peaks, with a certain width if the system can decay, are obtained.
Coming back to the multirho states, the work of [28] proceeded as follows: two ρ systems were allowed to interact in J = 2, producing the f 2 (1270) state. Then a third ρ meson was allowed to interact with this cluster, producing a ρ state with J = 3. Another ρ meson was allowed to interact with this new cluster, which was made up a ρ and a f 2 (1270), producing a new state with isospin I = 0 with J = 4, and then the procedure was repeated iteratively till six ρ mesons were put together and the width was still within measurable range. In this way six states were found that we plot in Figs. 1, 2. These states could be associated to the known states f 2 (1270), ρ 3 (1690), f 4 (2050), ρ 5 (2350) and f 6 (2510). It should be stressed that there are no free parameters in the results of Figs. 1, 2 for ρ 3 (1690), f 4 (2050), ρ 5 (2350) and f 6 (2510). The only free parameter in the theory was a cut off fitted to get the mass of the f 2 (1270) in [26] .
III. K * MULTIRHO STATES
In a similar way to what is done with the multirho states, in [29] the interaction of systems formed by a K * and many ρ mesons was also studied and, once again, several states appeared which could be associated to the K no experimental counterpart has been found yet.
IV. D * , MULTIRHO STATES
The success of the two former studies suggested to also study states formed from one D * and many ρ mesons. The work was done in [30] . The work was preceded by the study of the D * ρ interaction in [45] , where three D states with spin J = 0, 1, 2 were obtained, the second one identified with the D * (2640) and the last one with the D * 2 (2460). The first state, with J = 0, was predicted at 2600 MeV with a width of about 100 MeV. This state is also in agreement with the D(2600), which has a similar mass and width, and which was reported experimentally after the theoretical work in [46] .
In [30] several states were also found with one D * and several ρ mesons, all of them with their spins aligned to give states of increasingly larger spin. The states found in [30] [45] give us much confidence that, with the time, this large spin D states will also be found.
V. STATES WITH TWO MESONS AND ONE BARYON
These states were studied in [34, 36] . We show them in Table I for states with strangeness S=-1. In the S = 0 sector one finds several resonances, which are summarized in Table II. There is a N * state around 1924 MeV, which is mostly NKK. This state was first predicted in [39] using variational methods and corroborated in [37] using coupled channels Faddeev equations. In both works one finds that the KK pair is built mostly around the f 0 (980), but it also has a similar strength around the a 0 (980), both of which appear basically as a KK molecule in the chiral unitary approach.
VI. OTHER THREE BODY STATES
In [48] the systemsKDN, NDK and NDD are investigated. Once more one finds quasibound states, relatively narrow, with energies 3150 MeV, 3050 MeV and 4400 MeV, respectively. All these states have J P = 1/2 + and isospin I = 1/2 and differ by their charm or strangeness content, (S, C) = (−1, 1), (1, 1), (0, 0) , respectively. The first state could perhaps be associated to the Ξ c (3123), which has unknown J P , but the width obtained is a bit too large. The second state, of exotic nature, has no counterpart in the PDG. The third state is a regular N * state, but it contains hidden charm. One is making predictions that could be investigated in the coming Facilities of FAIR, or the BELLE upgrade, or the recently very successful LHCb.
In [49] pseudotensor mesons as three-body resonances are investigated. One finds that the lightest pseudotensor mesons J P C = 2 −+ can be regarded as molecules made of a pseudoscalar (P ) 0 −+ and a tensor 2 ++ meson, where the latter is itself made of two vector (V ) mesons. The author finds clear resonant structures which can be identified with the π 2 (1670), η 2 (1645) and K * 2 (1770) (2 −+ ) pseudotensor mesons.
In [50] the ρKK system is studied and a quasibound state is found which is associated to the ρ(1700). The KK system in this case clusters around the f 0 (980).
Similarly, in [51] the interaction of the a ρ and D * ,D * with spins aligned is studied using again the Fixed Center Approximation to the Faddeev equations. In this case an I = 1 state with mass around 4340 MeV and narrow width of about 50 MeV is found.
In [52] the ηKK and η ′ KK systems are studied. The ηKK is found to create some structure around 1490 MeV that could be identified with the η(1475). However, such state was not found in a more detailed evaluation in [53] . In this latter work, instead, some theoretical support was found for the π(1300) and the recently claimed f 0 (1790) as molecular resonances made also of three hadrons. Coming back to the work of [52] , the η ′ KK was also studied, but in this case only a cusp effect at threshold was found.
In the case of two nucleons and one meson, the DNN system was studied and quasi-bound states with isospin I = 1/2 were found using two methods, the fixed center approximation to the Faddeev equation and the variational method approach to the effective one-channel Hamiltonian [54] . It was found that the system had about √ s ∼ 3500 MeV, bound by about 250 MeV from the DNN threshold. Its width including both the mesonic decay and the D absorption, was estimated to be about 20-40 MeV. In this case, the I = 0 DN pair in the DNN system was found to form a cluster similar to the Λ c (2595). It is remarkable that this system is more stable than its counterpart, theKNN system, where many theoretical studies coincide with having a larger width than the binding, that makes the experimental observation problematic (see a recent review on the subject in [55] ).
VII. CONCLUSIONS
In this talk we have reported on studies of unconventional systems that have three hadrons, two mesons and a baryon, three mesons, two baryons and a meson, and many quasibound states were found which could be identified with known resonances. In other cases some predictions were done which could be tested in future experimental works. Particular interest was put in systems with many vector mesons, up to six mesons. We showed that the systems were very bound but they also decayed with larger widths as the number of mesons increases. We could show that in the case of multirho and K * multirho systems, the predicted states could be associated to already known resonances. In other cases, the states found, with high spin, remained as predictions that hopefully will be found in the future. (a)
